Position sensitivity of transient photoconductivity has been observed in oxygen-deficient La 0.67 (Ca 0.75 Ba 0.25 ) 0.33 MnO 3−δ (LCBMO) thin films at room temperature. The voltage drop across the reference resistor is sensitive to the position of the laser spot between the electrodes on the films. The phenomenon has been also observed in LCBMO/Si p-n junctions. The mechanism of the phenomenon is discussed. The results may have potential applications in position-sensitive photodetectors based on manganites.
Introduction
Perovskite-type manganites have been extensively studied due to their exotic physical properties [1] . One of the properties is the photoinduced effect in manganite thin films, such as the photoinduced insulator-to-metal (PIM) transition [2, 3] and transient and persistent photoconductivity (TPC and PPC) [4, 5] . Recently, ultrafast photoelectric effects and transient lateral photovoltaic effects (LPVEs) have been observed in La 0.7 Sr 0.3 MnO 3 /Si p-n junctions [6] [7] [8] . Moreover, it has been found that the magnetic field can erase the PPC in oxygen-deficient La 2/3 Sr 1/3 MnO 3−δ thin films grown on Si wafers [9] . We also reported the switching behaviour of oxygen-deficient La 0.6 Ca 0.4 MnO 3−δ thin films deposited on Si substrates [10] . These phenomena may have applications in optoelectronic devices. The LPVEs in p-La 0.7 Sr 0.3 MnO 3 / n-Si heterojunctions could show sensitivity to the laser spot position on the La 0.7 Sr 0.3 MnO 3 surface due to two different mechanisms. One is related to the lateral flow of majority carriers under small illumination intensity, and the other is based on the Dember effect, i.e. the difference between the mobilities of electrons and holes when the energy density of the laser is large [7, 8] . In this paper, we report another way of achieving the position sensitivity, which is based on the large TPC in oxygen-deficient La 0.67 (Ca 0.75 Ba 0.25 ) 0.33 MnO 3−δ (LCBMO) thin films. In our previous work, a large TPC was observed in oxygen-deficient La 0.6 Ca 0.4 MnO 3−δ thin films when the film between the electrodes was fully covered by the laser spot. In this study, the LCBMO thin films are grown on n-type Si substrates, and the laser only irradiates a small area of the film. It is observed that the TPC in the LCBMO thin films depends on the position of the laser spot. The phenomenon has also been observed in LCBMO/Si p-n junctions.
Experimental
Oxygen-deficient LCBMO films with a thickness of about 100 nm were grown on an n-type Si (0 0 1) substrate by pulsed-laser deposition using a KrF excimer laser (pulse energy of 244 mJ and a repetition rate of 4 Hz). The La 0.67 (Ca 0.75 Ba 0.25 ) 0.33 MnO 3 ceramic target was prepared by the conventional solid-state technique. The oxygen content of the film was controlled by ambient O 2 pressure during deposition [3, 11] . A thin LCBMO film was initially deposited on the substrate at the base pressure of 2×10 −4 Pa for 10 min at room temperature. Then the temperature of the substrate was raised to 620
• C in an O 2 pressure of 4 Pa and deposited for 20 min. Oxygen vacancies were caused due to the low oxygen pressure during deposition, while the proper oxygen pressure for preparing a fully oxidized film is about 30 Pa. [10] . After the film formation, the substrate was kept in situ for 20 min in O 2 pressure of 40 Pa and finally annealed at 620
• C in air Figure 1 shows the response of the voltage drop across the reference resistor. Without laser irradiation, the current across the reference resistor is almost zero. And when the LCBMO film is irradiated by the laser pulse, the voltage drop rapidly increases to a large value. This large TPC effect at room temperature is similar to that in La 0.6 Ca 0.4 MnO 3−δ thin films [9] , but it is more significant here since only a small part of the film is irradiated. And it can be observed that the voltage drop depends on the laser spot position. When the laser irradiates at the position x = 0 near the electrode A, which corresponds to a lower potential, the TPC, defined as R/R dark = 100% × (R dark − R light )/R dark , can be calculated to be about 98.1%. The corresponding voltage drop is the largest at this position. When the laser spot moves towards the electrode B, the voltage drop decreases and the TPC is about 63.5% at the position x = 6 mm.This phenomenon has also been observed in LCBMO/Si p-n junctions. The film in the circuit of figure 1 could be considered as a structure comprising two p-n junctions under forward and reverse bias, respectively. Thus, the TPC in the film and the junctions have some relationship.
Results and discussion
Before showing the position sensitivity of TPC in LCBMO/Si p-n junctions, the photoelectric characteristics of the LCBMO/Si p-n junctions are first studied by applying the forward and reverse bias, respectively. As shown in figure 2 , the conductivity of the junction is rather different at forward and reverse bias under laser irradiation. When the forward bias is applied, the potential in the film is higher and the voltage drop increases a little under laser irradiation. However, when a reverse bias is applied, the voltage drop increases dramatically. This phenomenon can also be observed in La 0.6 Ca 0.4 MnO 3−δ /Si heterojunctions as we reported before [12] , which indicates that the applied bias, as well as the current direction, is important to the photoelectric characteristics of the p-n junction. The laser spot position dependence of the TPC in the LCBMO film of the p-n junctions is further investigated. As shown in figure 3 , the distance of the laser spot to the electrode determines the voltage drop when a reverse bias is applied. The voltage drop becomes smaller when the distance becomes larger similarly to that in the thin films. The p-n junctions at forward bias show a similar response to the laser spot position, but the variation of the voltage drop is not very clear since that at x = 0 is already small.
The position sensitivity of transient photoconductivity is different from the LPVE phenomena in which the open-circuit photovoltage of V AB , defined as V B − V A , is symmetrical to the centre of the film [7, 8] . Since the position sensitivity of the TPC can be observed in LCBMO/Si p-n junctions at both the forward and the reverse bias, but the magnitude of the voltage drop is different, the TPC is not symmetrical to the middle of AB. The LPVEs can be also observed in our sample. When no external electric field is applied and the digital oscilloscope is connected to electrodes A and B directly, V AB of 188 mV and −193 mV are obtained when the laser spot irradiates at the position x = 0 and x = 6 mm, respectively. Both the open-circuit photovoltages have a rise time of about 150 ns. And when the laser spot irradiates at the middle of AB, the photovoltage is zero. As the energy density of the laser we used in the experiment is larger than that (0.76 mJ mm −2 ) in [8] , in which the LPVE was caused by the Dember effect, the LPVE in our sample should also come from the effect. Research works indicated that the typical penetration depth of light in manganite is 100 nm [12] , so the photons mainly induce electron-hole pairs in the film. And the number of the laser induced carriers should be comparable to or even larger than that in the LCBMO [8] . When the external electric field is applied, the electrons and holes are separated. Since the mobility of electrons is much larger than that of the holes, the fast and large TPC should be mainly contributed by the electrons, which will move to the electrode 'B' forced by the electric field. The oxygen vacancies cause electronic imbalance and local lattice distortion in the LCBMO, so the thin film without illumination has a large resistance. It is well known that in the electric field the large number of photongenerated carriers can induce insulator-to-metal transition in manganites [5] . This transition may be facilitated if the oxygen vacancies trap the electrons which induces phase separation [9] . Indeed, there is growing experimental and theoretical evidence that that the phase separation is common in these materials [5, 9, 13] . So when the distance between the laser spot and the electrode B is larger, a longer metallic path may be formed in the film, dramatically reducing the resistance and resulting in a large TPC.
In terms of application, the LCBMO thin films, as well as the LCBMO/Si p-n junctions, can be used for positionsensitive photodetectors. And the output voltage signal from the TPC can be adjusted by the circuit voltage, that is, the maximum change in the voltage drop across the reference resistor will be larger with the increase in the circuit voltage [10] , which may be better for practical applications compared with the LPVEs.
Summary
In summary, large transient photoconductivity has been observed in oxygen-deficient LCBMO thin films at room temperature, and the voltage drop is sensitive to the position of the laser spot between the electrodes on the films, which is larger when the laser spot is closer to the electrode with a lower potential. The transient photoconductivity in the LCBMO/Si p-n junction also shows position sensitivity. These phenomena may be related to the PIM transition in the LCBMO thin films. The results have potential applications in position-sensitive photodetectors based on manganites.
